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A B S T R A C T   
This paper presents a new approach for modelling the wear in wheel-rail contacts for a wide range of test and 
contact conditions (material pairing, load, creep, lubrication etc.) in the mild and severe wear regimes with one 
set of model coefficients. The approach is based on a detailed analysis of 56 Twin-Disc experiments in combi-
nation with existing knowledge from the literature. The model considers the thickness of the damaged layer 
caused by severe plastic shear deformations in the near-surface layer of wheel or rail and the maximum shear 
stress in the contact as the main influencing factors responsible for the observed wear behaviour. In this way, a 
much better prediction quality can be reached for varying test and contact conditions compared to the state of 
the art energy dissipation or sliding based approaches. The model includes a low number of model coefficients 
which are independent of test and contact conditions.   
1. Introduction 
Wear is one of several phenomena (rolling contact fatigue, 
martensite layers, etc.) causing damage in the wheel-rail interface. 
These damages result in high maintenance costs for both, wheels and 
rails, reduced vehicle availability and delays due to track closure for 
repairs. Understanding and predicting these kinds of damage are 
essential to reduce them on one hand and to handle them appropriately 
on the other. Wear is a complex, continuous and inevitable phenomenon 
influenced by numerous parameters. Wear modifies the shape of wheel 
and rail profiles which is generally not desirable as it creates dynamic 
effects. However, certain wear rates are thought to remove initiated 
fatigue micro-cracks at the surface which positively influences the ser-
vice life of wheels and rails [1–3]. 
The work published in the literature reveals the great efforts to un-
derstand the wear behaviour in the wheel-rail contact. Researchers [4,5] 
showed that the development of the wear rate over the number of cycles 
frequently has a similar pattern as the coefficient of traction (CoT). Both 
are progressively rising in the first few thousand cycles until reaching 
the steady-state. CoT is regularly higher for dry contact than for 
contaminated contacts (water, grease [4], dry leaves and wet leaves [5], 
respectively) which is again true for the wear rate. 
Several variables influence the wear rate: in addition to load, of 
course, wear is influenced by the type of rail [6,7] and wheel material 
[8,9]. Likewise, wear rate is changing with varying the contact 
conditions (dry or lubricated) [10–13], tangential forces, creep [14], 
operating speed [2,15], surface roughness [16,17], presence of 3rd body 
layers (iron oxides, etc.) [18] and developing material anisotropy 
[19–21]. Moreover, wear is related to several mechanisms occurring in 
the wheel-rail contact (abrasive wear, adhesive wear, delamination 
wear, tribo-chemical wear, fretting wear, surface fatigue wear and 
impact wear) [22]. 
The available experimental investigations illustrate the complexity 
of the wear phenomenon and the challenges that face its prediction. 
However, these investigations might not answer the most important 
question: what are the main physical dependencies behind wear in the 
wheel-rail contact? 
Besides experiments, a lot of work can be found regarding wear 
modelling. Presently, two empirical wear modelling approaches are 
commonly used in scientific works. The first approach is the so-called 
sliding approach, it mainly depends on the sliding distance, load and 
material properties. This approach is primarily based on Archard’s Ad-
hesive model [23]. Several studies followed the sliding approach to 
model the wear in the wheel-rail contact [24,25]. 
The second approach is the so-called energy approach. This 
approach, as is evident from the name, assumes that the dissipated en-
ergy in the contact is mainly responsible for the development of wear. 
Several investigations have discussed the application of this approach 
[26–30]. Commonly, models belonging to the energy approach are 
correlating the wear rate with Tγ (product of tangential force and creep) 
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[31]. The Tγ model assumes that wear changes from mild to severe and 
to catastrophic with increasing Tγ/A (where A is the contact area), as 
shown in Fig. 1. Investigations with different contaminants show that 
wear rates change for given values of Tγ/A (at the same contact pres-
sure) depending on the lubrication conditions (see Fig. 2). That means 
Tγ model needs new coefficients which need to be experimentally 
determined for each specific test (material pairing, load, creep, speed, 
etc.) and contact (dry, wet, grease lubricated, etc.) conditions which is 
also true for Archard’s Adhesive model. These models may be useful for 
the conditions that the wear coefficients were generated at, however, 
they are unreliable to predict the wear rate for different test or contact 
conditions. 
Extensive testing under varying test and contact conditions is needed 
for these models, causing high effort with large related costs. Thus, a 
more physical based wear model which implicitly accounts for the 
testing and contact conditions mentioned above would reduce the 
experimental effort and improve the prediction quality significantly. 
Such a prediction model for mild and severe wear regimes is presented in 
this work. The new model is based on the analysis of a big number of 
Twin-Disc experiments with different test and contact conditions from 
different sources (projects). 
In Section 2, the wear testing methodology is presented and in Sec-
tion 3, the wear testing results are presented and discussed. This is fol-
lowed by the description, parameterisation and validation of the new 
wear model in Section 4. Final conclusions are drawn in Section 5. 
2. Experimental methodology 
2.1. Apparatus 
Wear experiments were carried out using a Twin-Disc rig (rolling- 
sliding machine (SUROS)) at the University of Sheffield. A schematic 
showing the rig arrangements is depicted in Fig. 3. The development 
details, usages and limitations of the apparatus have been published 
earlier [32]. The test rig is built on a Colchester Mascot lathe with two 
independently driven (AC) motors at the tailstock end. Creep (cx) is 
produced by adjusting the speed of one of the motors. The rail disc acts 
as the driven or braking disc (slower) whereas the wheel disc performs 
as the driving disc (faster). The torque is monitored by a torque trans-
ducer on one of the rig shafts. The discs are pressed against each other 
using a hydraulic system. The data download frequency is 1 Hz to a PC 
which is also controlling the load and the creep of the test. 
2.2. Specimens 
The test specimens have a cylindrical form (disc) and are machined 
from wheel and rail sections, in particular, from the closest possible level 
to the wheel-tread and rail-head surfaces. The rail discs are always made 
of pearlitic rail steel grade R260, the material of wheel discs alters 
(pearlitic steel grade R8, R7 and R260). Wheel and rail discs have a 
diameter of 47 mm with a thickness (contact track width) of 10 mm. All 
samples are ground to a roughness (Ra) of about 1 μm to ensure com-
parable contact conditions initially. 
2.3. Test configurations 
56 test datasets from the SUROS Twin-Disc test rig at the University 
of Sheffield were used for this work. Only wear measurements within the 
ranges of mild and severe regimes according to the Tγ model were 
considered (Tγ/A of all experiments within 0–60 [N/mm2]), to make 
sure that thermal effects do not influence the wear behaviour (see Fig. 1) 
[11,33]. These 56 measurements are divided into five groups (A, B, C, D 
and E) according to the source (project) from which they were taken. 
The R260 rail discs were running against wheel discs made of pearlitic 
wheel steel grade R8 in 46 tests. In 8 tests, the rail discs were running 
against wheel discs made of pearlitic wheel steel grade R7. In 2 tests, rail 
and wheel discs were manufactured from the same material (pearlitic 
rail steel grade R260). 50 tests were done at 1500 MPa maximum con-
tact pressure (p0) according to Hertzian theory and 6 tests were done at 
900 MPa. The rotational speed is 400 rpm (≈1 m/s). However, 3 tests 
were performed at a speed of 220 rpm (≈0.5 m/s). All tests were carried 
out at constant creep without interruption except for the 2 tests with 
wheel and rail discs made of the same material. Most of the tests were 
run for at least 25 000 cycles to ensure the presence of a saturated plastic 
deformation layer and steady-state wear behaviour [11,34]. However, 2 
Fig. 1. Wear regime transitions in wheel-rail contact according to Tγ 
model [11]. 
Fig. 2. Wear rates of R260 rail discs running against R8 wheel discs at 1500 
MPa maximum contact pressure (contact conditions: dry, water-lubricated and 
grease-lubricated) according to Tγ model [11]. 
Fig. 3. Scheme showing SUROS Twin-Disc rig [11].  
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tests were run for 10 000 cycles at 0.01% creep and 3 tests were run for 
15 000 cycles at 220 rpm. 
The creep was varied from 0.01% to 20%. The lubrication conditions 
were dry, water and grease. Dripped water was supplied to the contact at 
a rate of 2 drops/second. The grease was manually and continuously 
supplied to the contact via a syringe. The mass loss due to wear was 
calculated as the difference between the original disc mass and the disc 
mass at the end of the run. The wear rate was measured in g/cycle. The 
discs were cleaned before and after the test in an acetone bath and left in 
ambient conditions until fully dry to ensure a precise mass loss calcu-
lation. Traction coefficient was calculated automatically from the online 
torque measurements. The ambient conditions were recorded to be in 
the range of 40%–50% for humidity and 20◦C–25 ◦C for temperature. 
As mentioned before, two special tests were prepared for the pre-
sented work with specific configurations as follows:  
• The same material is used for wheel and rail discs (pearlitic rail steel 
grade R260).  
• For the first test, p0 = 1500 MPa and cx = 1.5%.  
• For the second test, p0 = 900 MPa and cx = 3%.  
• The tests were run for 44 000 cycles and each test was stopped every 
5000 cycles to measure the mass loss.  
• The last 4000 cycles of each test were run at 0% creep (pure rolling) 
and the mass loss was measured every 500 cycles.  
• The test was carried out in an environmentally controlled chamber 
and the air was circulated through it to avoid the rise in the tem-
perature and to carry the wear debris to the filtering system, as 
shown in Fig. 4.  
• The air is sucking from the outlet of the chamber where the filter is 
installed to trap wear debris for further investigations. 
The aim behind switching the creep off for the last 4000 cycles is to 
get insight how the previously produced near-surface plastically 
deformed layer (damaged layer) behaves and wear mechanisms vary 
when no shear is being generated in the contact. 
The discs were cut perpendicularly to the rotation axis to investigate 
the surface and subsurface metallography using optical microscopy 
(OM). The specimen was etched with Nital before the metallography 
inspection. The wear debris was analysed using scanning electron mi-
croscopy (SEM). 
3. Experimental results and discussion 
In order to develop a precise wear prediction model, it is important to 
determine the main factors which are influencing the wear rate in the 
contact. Therefore, the wear results are plotted over different variables. 
All available wear measurements from the SUROS machine of R260 rail 
discs are plotted over Tγ/A in Fig. 5, over the creep in Fig. 6, over the 
coefficient of traction in Fig. 7 and over maximum contact shear stress 
(τ) in Fig. 8. Due to the variety in the test and contact conditions, the 
results were divided into ten groups (see the legend of each plot). Each 
group indicates the source of the results, lubrication, maximum contact 
pressure and the material of the counter wheel disc, respectively. For 
example, the meaning of (A-DRY-1500/R8) in Fig. 5 as follows: “A” 
refers to the source of the results (project), “DRY” refers to the lubri-
cation conditions (dry), “1500” refers to the maximum contact pressure 
in MPa and “R8” refers to the material of the wheel disc. “220 rpm” 
Fig. 4. Scheme presenting the technique of discs cooling and wear 
debris collection. 
Fig. 5. Wear rate behaviour of R260 rail discs versus Tγ/A. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 
Fig. 6. Wear rate behaviour of R260 rail discs versus the creep. (For inter-
pretation of the references to colour in this figure legend, the reader is referred 
to the Web version of this article.) 
H. Al-Maliki et al.                                                                                                                                                                                                                              
Wear xxx (xxxx) xxx
4
refers to the rolling speed. 
When plotting all wear results over Tγ/A, no clear relationship can be 
seen (see Fig. 5) even though some individual groups such as (C-DRY- 
1500/R8) and (C-WATER-1500/R8) show similar behaviour as shown in 
Figs. 1 and 2. 
Similar to Tγ/A, no clear correlation between wear rate and creep 
can be recognised (see Fig. 6). 
The coefficient of traction in Fig. 7 represents the average value 
throughout the whole test run. In general, the wear rate shows rising 
behaviour with increasing CoT. The 900 MPa tests show a similar 
behaviour but on a lower level. 
When plotting the wear results over the maximum shear stress in the 
contact, the differences between the 900 and the 1500 MPa results 
decrease, resulting in the best correlation with the wear rate even 
though there is still scattering visible (see Fig. 8). This correlation seems 
to be smooth at low τ, whereas more scattering is present with 
increasing the shear stress. The results of 1500 MPa are generally 
showing higher scattering than results of 900 MPa. Wear results fall on a 
single curve with altering the contact lubrication conditions. Further-
more, no significant influence of counter disc material and rolling speed 
on the wear rate is observed. A similar conclusion regarding the inde-
pendence of wear on the material combinations and speed was noticed 
in the literature [35]. 
A few measurements show exceptionally high wear rates compared 
to the majority of measurements, in particular, at high shear stresses. 
This behaviour has been attributed to the following possible reasons:  
• Differences in specimens’ preparation (initial roughness).  
• Machining tolerances not being met for the discs.  
• Differences in the cleaning process before determining the mass loss 
(results from different sources).  
• Slight differences in material properties, etc. 
To summarise, the maximum shear stress in the contact shows the 
best correlation with the wear rate. 
The better correlation with the maximum contact shear stress 
compared, for example, to the correlation with Tγ/A becomes even 
clearer when a moving average method is applied to the 1500 MPa data, 
see Fig. 9. Wear data for 900 MPa was not filtered due to the low number 
of data points and the low scattering. The legend gives information 
about the used filter parameters (window increment and window 
width), for example, the meaning of (Filtered-40-80-1500 MPa) in Fig. 9 
b as follows: “Filtered” means data are filtered, “40” refers to the win-
dow increment (MPa), “80” refers to the window width (MPa) and 
“1500 MPa” refers to the maximum contact pressure. The filtered data 
show an obvious trend for wear over τ, whereas wear data still show no 
correlation with Tγ/A (Fig. 9 b and d). Filtering the data is providing 
additional evidence of wear dependency on maximum contact shear 
stress regardless of the testing and contact conditions. Therefore, this 
parameter needs to be considered in a reliable wear model for mild and 
severe wear regimes. 
The presented work focuses on comparing the new wear modelling 
approach with the Tγ model. As mentioned in the introduction section, 
Archard’s wear law considers the sliding distance as the main driving 
parameter responsible for wear (at constant load and material hard-
ness). The sliding distance is directly proportional to the creep (cx) 
(sliding distance/cycle = cx π ddisc). Therefore, Fig. 6 can be considered as 
the relation between wear rate and sliding distance according to Arch-
ard’s wear law (linear increase of wear rate with creep (sliding distance) 
would be expected), at least for every single group where the load and 
material combination were held constant. Considering the data in Fig. 6 
at 1500 MPa, dry contact and running against R8 wheel discs (blue and 
green circles), no correlation can be recognised between wear rate and 
cx (sliding distance). The same is true for the rest of the experimental 
results. 
Fig. 10 shows wear results from the special tests mentioned, where 
R260 rail discs were running against R260 wheel discs under dry contact 
conditions (p0 = 1500 MPa, cx = 1.5% and p0 = 900 MPa, cx = 3%). 
Wear rate increases in the first 10 000 cycles (run-in) then it becomes 
almost constant as it is described frequently. The wear is higher for the 
1500 MPa test than for the 900 MPa test as expected. 
From these experiments, additional information regarding relevant 
wear mechanisms can be extracted. After running the experiments for 
40 000 cycles at a given creep, the creep was reduced to 0 (pure rolling). 
Instantly after switching the creep off, wear rates show a sharp increase 
dropping down after few hundreds of cycles. Interestingly, the wear rate 
does not go down to 0 as expected but seem to stabilise on a lower level 
Fig. 7. Wear rate behaviour of R260 rail discs versus the coefficient of traction. 
(For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
Fig. 8. Wear rate behaviour of R260 rail discs versus maximum contact shear 
stress. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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compared to the situation before turning off the creep. 
Empirical experience and reviewing the literature confirms the fact 
that under usual wheel-rail contact conditions, the material is mostly 
removed from wheel and rail surfaces according to the delamination 
theory [36–38]. Surface initiated micro-cracks grow along the aligned 
microstructure in the near-surface layer. This alignment is caused by the 
severe plastic shear deformation in this layer resulting in material 
anisotropy with respect to fatigue crack growth. This ends up in a 
flake-like structure near the surface oriented more or less parallel to the 
surface (see Fig. 11). This near-surface layer can be seen as a damaged 
material layer where flake-like wear debris gets continuously detached 
because of the contact loading situation. 
This behaviour is confirmed by these special experiments. During the 
first 40 000 cycles, a damaged near-surface layer (with a flake-like 
structure) develops as a result of the combined cyclic normal and 
tangential contact loading. Flake-like wear debris gets detached from 
this damaged layer mainly due to the acting tangential shear stresses 
(see findings described before). After turning off the creep (at 40 000 
cycles) the damage layer still exists and wear debris still gets detached 
but in this case because of other reasons (no shear stresses). Adhesion 
between the contacting surfaces pulling flakes from the surface when 
leaving the contact region (perpendicular to the surface) is expected to 
play a key role. It is expected that in the case of continuing such a test 
without creep (pure rolling), the damage layer gradually would get 
removed meaning that the wear rate would decrease continuously. This 
is an interesting topic for future research. 
The tests with 1500 MPa maximum contact pressure show a thicker 
plastically deformed layer and a higher number of flakes at the surface 
than the 900 MPa tests, see Fig. 11. The R260 rail discs were running 
Fig. 9. Wear behaviour of R260 rail discs versus τ: a) raw, b) filtered and versus Tγ/A: c) raw, d) filtered. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
Fig. 10. Wear behaviour of R260 rail discs at p0 = 900 MPa and 1500 MPa 
versus the number of cycles; test conditions: dry, counter disc material is R260, 
cx = 0% for 40k-44k cycles. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web version of this article.) 
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against R260 wheel discs (two tests of similar material for wheel and 
rail) in Fig. 11 a and b, while the R260 rail discs were running against R8 
wheel discs (from another project) in Fig. 11 c and d. 
The plastic deformation flow lines (visible due to the alignment of 
the microstructure with the shear plane) are inclined by an angle (α) 
measured from an axis perpendicular to the contact surface as shown in 
Fig. 11. Metallography (optical microscopy) of plastically deformed layer of R260 rail discs: a) R260/R260, p0 = 1500 MPa, cx = 1.5%; b) R260/R260, p0 = 900 
MPa, cx = 3%; c) R260/R8, p0 = 1500 MPa, cx = 1%; d) R260/R8, p0 = 900 MPa, cx = 1%. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
Fig. 12. SEM images of collected wear debris: p0 = 1500 MPa in a), b), c) and p0 = 900 MPa in d), e), f).  
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Fig. 11 d. This angle changes with depth, test conditions, contact con-
ditions and material properties. This plastic shear strain angle (α) has its 
maximum at the surface and is dropping down with depth. 
The SEM images of collected wear debris from the two special tests 
described above are shown in Fig. 12. Wear debris includes a mix of 
large and small flake-like particles in the wear steady-state when creep is 
applied (Fig. 12 a and d). The number of wear debris particles, in gen-
eral, is higher for the 1500 MPa test compared to the 900 MPa test. At 
the beginning of the pure rolling (Fig. 12 b and e), the number of par-
ticles is dropping suddenly due to the absence of tangential stresses and 
the reduction of the cycles interval (500 cycles only). However, there are 
still flake-like wear particles visible. In the rest of the pure rolling run 
(Fig. 12 c and f), wear debris includes fine particles and again large 
flake-like debris for the 1500 MPa test. Altogether, the observed 
behaviour confirms that the highly deformed near-surface layer with its 
flake-like structure (damage layer) plays an important role regarding the 
wear behaviour of wheel and rail materials, even for pure rolling. 
4. Wear modelling 
4.1. Wear model 
According to the experimental results presented and discussed 
before, the wear rate shows, on average, a much better correlation with τ 
than with Tγ/A (see Fig. 9). 
Physically, the better correlation with τ makes sense under condi-
tions with creep because of the flake-like structure of the damaged near- 
surface layer discussed above loaded by the contact shear stresses 
causing potential wear flakes to detach. Based on these observations, the 
following wear law is proposed: 
Wear rate= k1z0 + k2τ
k3 (1)  
where wear rate is in [g/cycle], z0 is in [m] and τ is in [MPa]. k1, k2 and 
k3 are constant for a given material. Although this model still represents 
an empirical approach, it accounts for the relevant physical effects 
observed in the tests. The model consists of two parts (see Fig. 13). The 
first part is the damage part (k1z0) accounting for wear due to material 
damage in the highly plastically deformed near-surface layer. To 
calculate the depth of this damaged layer (z0), the plasticity model [39, 
40] is used in this work, however, it could also be determined by other 
researchers by finite element calculations using an elasto-plastic mate-
rial law of the given material. The plasticity model predicts the angular 
shear strain (α) as a function of depth (z) depending on the normal and 
tangential contact stresses. z0 is the value of z at a specific critical 
angular shear strain (α0). α0 represents the fourth model coefficient 
besides k1, k2, k3 which is also assumed to be constant for a given ma-
terial. The damage part of the wear law is active independent of shear 
Fig. 13. Flake-like structure within the damaged layer (z0) and the act of shear 
stresses and adhesion on the potential flake-like wear debris. 
Fig. 14. Applying the plasticity model to predict the damage layer depth (z0).  
Fig. 15. Model parameterisation with wear data (R260 rail discs), p0 = 1500 
MPa. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
Fig. 16. Model parameterisation with wear data (R260 rail discs), p0 = 900 
MPa. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
H. Al-Maliki et al.                                                                                                                                                                                                                              
Wear xxx (xxxx) xxx
8
stresses in the contact (adhesion could be the main mechanism when 
potential wear flakes leave the contact patch), although shear stresses 
might have been responsible for the development of the damaged layer 
due to the load history. Fig. 14 shows the process of estimating the 
thickness of the damaged layer (z0) using the mentioned plasticity model 
for R260 rail material at 1500 MPa maximum contact pressure and two 
friction coefficients (assuming full sliding and steady-state conditions). 
Assuming α0 being the critical angular shear strain, the model predicts 
two different thicknesses of the damaged layer (z0). 
The second part of the model represents the shear stress component 
(k2τk3 ) where τ is the maximum shear stress in the contact (see Fig. 13). 
The model coefficients k1, k2, k3 and α0 are determined by an opti-
misation procedure based on the squared errors between experimental 
and model results. 
4.2. Wear model parameterisation 
The wear model was parameterised considering all experimental 
data. The model is able to describe the average wear rate for R260 rail 
discs in the mild and severe regimes quantitatively. Fig. 15 and Fig. 16 
show the model results together with data from the experiments for 
1500 MPa and 900 MPa maximum contact pressure respectively. 
Additionally, the contributions from the damage and the shear stress 
parts of the wear model are plotted in these diagrams. It is important to 
highlight, that this is done with one set of model coefficients for R260 
material regardless of test and contact conditions. The model nicely 
reproduces the differences between the 900 MPa and 1500 MPa 
maximum contact pressure results (see Fig. 17) because it includes the 
damage part (k1z0) where z0 increases with increasing contact pressure 
at a given maximum contact shear stress. 
Table 1 summarises the wear model coefficients for R260 rail ma-
terial to describe the wear rates observed in Twin-Disc experiments. 
4.3. Wear model validation 
As mentioned in the experimental results section, turning the creep 
off does not automatically mean that there is no material loss due to 
wear in the contact. If there is already a damaged layer on the surface 
because of load cycles with creep before turning off the creep, wear 
debris is still detached from the surface. This behaviour is considered in 
the proposed wear model by introducing the damage and the shear stress 
parts. In the case of creep, both model parts are active. After turning the 
creep off (pure rolling) the shear stress part is assumed to be inactive 
because of the absence of tangential stresses. The damage part in the 
case of pure rolling is the same as the damage part of the wear model 
immediately before switching the creep off. This is feasible because the 
related damaged layer has been developed by the normal stresses in 
combination with the tangential stresses before switching off the creep. 
Despite the complexity of this situation, the model is also able to predict 
the observed behaviour as shown in Fig. 18. 
Fig. 17. Applying the new approach of wear modelling to predict the wear rate 
of R260 rail discs. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
Table 1 
Wear model coefficients for R260 rail material (Twin-Disc).  
k1[g/m/cycle] k2[g/MPak3/cycle] k3[−] α0[◦]  
0.128 4.833 × 10−11 1.739 86.807  
Fig. 18. Wear prediction for R260 rail disc running against R260 wheel disc: a) p0 = 1500 MPa; b) p0 = 900 MPa; For a) and b) cx = 0% after 40k cycles. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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5. Conclusion  
• 56 experimental wear measurements from a Twin-Disc test rig (from 
different sources for different test and contact conditions) were 
collected and analysed.  
• The data analysis showed a much better correlation between wear 
rate and maximum contact shear stress regardless of test and contact 
conditions compared to the correlation with Tγ/A.  
• Two special experiments were performed by using the same material 
(R260) for wheel and rail discs where the creep was turned off after 
40 000 cycles to get additional information regarding the relevant 
wear mechanism in the wheel-rail contact.  
• The transition to pure rolling after running at a given creep showed a 
drop of the wear rate (after initial fluctuation) to a lower level but 
not to 0 as it was expected. 
• The results of these special experiments together with metallo-
graphic and SEM post-testing investigations confirmed that wear in 
wheel-rail contacts is driven by the delamination theory where a 
flake-like structure of the near-surface layer as a result of severe 
plastic shear deformation plays a key role (damage layer).  
• Based on the experimental findings, a new model for mild and severe 
wear in wheel-rail contacts has been developed.  
• The model consists of two parts, a damage part dependent on the 
depth of the damaged layer and shear stress part accounting for the 
influence of the maximum contact shear stress.  
• The model is able to predict the average wear rate quantitatively for 
Twin-Disk test conditions.  
• The model is also able to predict the behaviour for the complex case 
when the creep is turned off after initial cycles with creep. 
• The new approach presents a radically new, physical-based and ac-
curate method to predict the mild and severe wear rates observed in 
Twin-Disc experiments under very different test and contact condi-
tions with one set of model coefficients for a given material. 
Future work includes the extension of the developed model to 
consider the catastrophic wear regime. Furthermore, the applicability of 
the new model to full-scale conditions will be investigated based on 
experimental results from full-scale tests. 
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